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The recent result of Leinweber and Thomas [Phys. Rev. D 62, 074505 (2000)] for the strangeness
magnetic moment or form factor of the nucleon GsM (0) = −0.16  0.18 µN differs markedly from
the earlier result −0.75  0.30 µN obtained by Leinweber [Phys. Rev. D 53, 5115 (1996)] from the
same lattice data. The disagreement is traced to an unreliably extrapolated magnetic moment uΞ0
in Leinweber and Thomas. A simple expression for the nucleon isoscalar magnetic moment used
here with their reliably extrapolated magnetic moments gives a value of GsM (0) = −0.76 0.24 µN ,
in excellent agreement with Leinweber’s older estimate.
PACS number(s): 12.38.Gc,12.38.Lg,13.40.Gp
Past lattice calculations made by Leinweber and col-
laborators [1,2] of baryon magnetic moments have been
restricted to massive quarks equivalent to pion masses
greater than 600 MeV. The calculated moments have to
be extrapolated to the physical pion mass before compar-
ison with experiment. In this way, Leinweber [3] has ob-
tained an estimate for the strangeness magnetic moment
or form factor of the nucleon of GsM (0) = −0.750.30 µN.
A more sophisticated extrapolation of the same lattice
data has recently been made by Leinweber and Thomas
(to be called LT) [4]. The result turns out to be
−0.16 0.18 µN .
The purpose of this Comment is to point out that the
LT value is incorrect. The error originates in their use
of a certain magnetic moment in a strange baryon that
has not been successfully extrapolated to the pion mass.
The correct nucleon moment GsM (0) can be determined
quite transparently using a certain isoscalar combination
of two nucleon magnetic moments that appear to have
been extrapolated successfuly there. The result conrms
Leinweber’s older estimate [3].
It is useful to begin by recalling that baryon mag-
netic moments can be separated conveniently into terms
involving valence quarks and terms from disconnected
loops (DL) in the sea [3,4]:
p = euup + eddp + µDLN ,
n = edup + eudp + µDLN , (1)
+ = euuΣ+ + essΣ + µDLΣ ,
− = eduΣ+ + essΣ + µDLΣ , (2)
0 = essΞ + euuΞ0 + µDLΞ ,
− = essΞ + eduΞ0 + µDLΞ . (3)
Here the quark charges eq, with q = u, d, or s, have been
written separately from the valence-quark contributions
qB, where B denotes the baryon. It is convenient to
assume that the baryons are isospin symmetric so that
un = dp, up = dn, etc., thus reducing the number of inde-
pendent terms. The u− d mass dierence will break this
assumed isospin symmetry, but the errors so introduced
are likely to be small compared to the many uncertainties
of the present analysis.
The total DL contribution from the sea has signicant
components from u, d, s flavors. It is isoscalar, under the











where Rsd  GsM/GdM .
To extrapolate a magnetic moment µ(mpi) calculated
on a lattice at several large values of the pion mass mpi
to its physical value at 140 MeV, LT use the Pade ap-
proximant:
µ(mpi) = µ0 + χmpi + ...  µ01− χµ0 mpi + cm2pi
. (5)
Here χ is a constant calculated from chiral perturbation
theory [4], while µ0 and c are tted parameters. The
extrapolated values obtained by LT are shown in Table
I under the column \LT13", meaning that Eq. (5) is
Eq. (13) of LT. The extrapolated values can be seen to
be in good agreement with experimental values [5] where
available, as already pointed out by LT for µp and µn.
The table shows in particular that the isoscalar moment
p+n extrapolates to within 1% of the small experimental
value, while the isovector moment p− n extrapolates to
within 2% of the much larger experimental value.
It turns out that the LT13 method cannot be used for
the quantity uΞ0 because there is a pole in that Pade
approximant. A dierent formula, Eq. (14) in LT and
called here LT14 but not shown explicitly, is used instead.
Table I shows that the extrapolated result is in signicant
disagreement with the experimental value, which is just
0 − −.
Since the calculated moments appear to extrapolate
best in the nucleon channel, it seems advantageous to
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deduce µDLN using calculated quantities in this nucleon
channel only, without involving the strange channels at
all. Furthermore under the assumed isospin symmetry,
up − un = p − n. This means that the desired DL con-
tribution depends on only one calculated quantity, the









(up + un). (6)
(All numerical results for magnetic moments are hence-
forth given in units of µN .) When used with the extrap-
olated value up + un = 3.70  0.29 from Table I, this
equation gives µDLN = −0.18  0.05, in excellent agree-
ment with the value −0.17 0.07 from Leinweber [3].
The reduction in the error of the new result presum-
ably comes from the improved extrapolation used by LT.
It is likely that the extrapolation error can be reduced
further by forming the isoscalar combination up +un be-
fore rather than after the extrapolation. In other words,
Eq. (6) can be used to calculate µDLn on the lattice with
the experimental nucleon isoscalar moment before the ex-
trapolation.
The calculated u-quark moments up,n can next be im-
proved by using the experimental nucleon moments in the
nucleon equations (1), now re-written more explicitly as
up = 2p + n− 3µDLN = 3.673− 3µDLN , (7)
and
un = p + 2n− 3µDLN = −1.033− 3µDLN . (8)
The results are
up = 4.20 0.15, un = −0.50 0.15. (9)
The improvement comes from the fact that the nucleon
moments p and n needed in these expressions are known
very precisely so that the only dependence on the lattice
calculation is in the term −3µDLN in both expressions.
To convert the disconnected loop contribution µDLN to
the strangeness magnetic moment of Eq. (4), we shall
need the ratio Rsd of its s to d components. The ratio
used in [3] is 0.59 obtained on a lattice, LT use 0.65,
while a somewhat dierent lattice value of 0.55 has been
calculated in [6]. For the value 0.59 in the middle of this
range that will also permit easy comparison with [3], I
nd
GsM = −0.76 0.24, (10)
where the uncertainty is obtained by quadratically com-
bining an uncertainty of 0.21 from up + un, and 0.12
from Rsd for which the uncertainty is taken to be 0.04.
A particularly interesting feature of baryon magnetic
moments is that the individual quark contributions might
be sensitive to its environment in the baryon [3]. In the
case of a doubly present quark such as u in the proton
or +, the ratio up/uΣ+ tests how its magnetic moment
varies when the spectator third quark changes from d to
s. Similarly the ratio un/uΞ0 describes how the magnetic
moment of a singly present u quark changes when its two
spectator quarks change from dd to ss.
These ratios are easily calculated for any value of GsM
using Eqs. (7, 8) in the numerator. The denominators
used are the experimental moments shown in Table I.
The calculated ratios are given in Table II together with
the values of the u quark moments themselves for several
interesting values of GsM . They are from top to bottom
the latest experimental value (with radiative corrections)
at Q2 = 0.1 GeV2 [7], a value 0.37 from a Skyrmion
model [8], a value 0 near the value of -0.05 found in a re-
cent calculation using the chiral quark model [9], a lattice
result from [6], and the lattice result from [3] as conrmed
here. The uncertainty for the experimental value is ob-
tained by combining quadratically separate statistical,
systematic and interpretational uncertainties reported in
[7].
Experiment and the best lattice result [6] now disagree
by 3 standard deviations. Some improvement of the ex-
perimental value for GsM can be expected from ongoing
measurement of the parity-violating asymmetry in elastic
electron scattering from the isoscalar deuterium target,
as mentioned in [7]. Improvements in lattice calculations
require the inclusion of neglected eects such as dynam-
ical fermions.
Table II shows the environmental eect on the va-
lence u quark magnetic moment in dierent baryons both
in absolute and relative terms. The relative eect on
a doubly present quark appears to be of the order of
5%, while that on a singly present quark is about 50%.
The latter fraction appears hugh, but in absolute terms,
the two quantities up,n depend on µDLN in exactly the
same way under isospin symmetry. The table thus illus-
trates the rigid relationship between the relative environ-
mental eect on valence quarks in dierent baryons and
the strangeness magnetic moment of the nucleon [3,4].
Knowledge of one quantity will give information on the
other. However, our present knowledge of either is not
yet sucient to pin down where real baryons are in the
range covered by the table.
I would like to thank Dr. D. Leinweber for helpful
comments.
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TABLE I. Comparison of extrapolated magnetic moment
µi (in units of µN ) obtained by Leinweber and Thomas
(LT) from their Eq. (13) (column LT13) or Eq. (14) (col-
umn LT14) with experimental moments. The number shown
within parentheses gives the uncertainty in the last digits.
µi LT13 [4] LT14 [4] Expt [5]
p = µp 2.85 (22) 2.7928...
n = µn -1.96 (16) -1.9130...
p + n 0.89 (27) 0.8788...
p− n 4.81 (27) 4.7058...
uΣ+ 3.72 (27) 3.618 (27)
up 4.26 (25)
un -0.56 (15)
uΞ0 -0.37 (3) -0.599 (14)
TABLE II. The u quark magnetic moments up,n (in units
of µN ), the ratio up/uΣ+ of magnetic moments of a doubly
present u quark in a baryon, and the ratio un/uΞ0 for a singly
present u quark for a range of interesting values of the strange
magnetic moment of the nucleon GsM (in units of µN ). The
number shown within parentheses gives the uncertainty in the
last digits.








0.61 (33) [7] 3.25 -1.46 0.90 2.43
0.37 [8] 3.42 -1.29 0.94 2.15
0 3.67 -1.03 1.02 1.72
-0.36 (20) [6] 3.92 -0.78 1.08 1.31
-0.76 (24) Here 4.20 -0.50 1.16 0.84
3
